The effect of monensin (0 or 33 jug/g of diet) upon rumen fermentation in the presence and absence of methanogenesis was determined in vitro by using mixed rumen organisms continuously cultured for 17 days. Methane was inhibited by dichloroacetamide (DCA; 32 mg/day) or by a pH of 5.1. Monensin effected a significant decrease in the ratio of acetic to propionic acid in the presence or absence of methanogenesis. In the absence of methanogenesis, the decrease in the ratio of acetic to propionic acid was entirely the result of increased propionic acid, whereas in the presence of methanogenesis the decrease in the ratio was the result of a combination of decreased acetic acid and increased propionic acid. There was a complementary interaction between monensin and DCA on volatile fatty acid production (expressed as millimoles of carbon per day). Addition of monensin to DCA-treated cultures resulted in the production of more acid; however, monensin and DCA had no beneficial effect on total carbon formed as acid and gases as compared with nonsupplemented control cultures. The monensin and DCA also resulted in greater digestion of neutral detergent fiber and less accumulation of formic acid and hydrogen as end products than did DCA alone. L-Lactic acid was produced in small but significantly greater amounts by the lowpH cultures, which also had less volatile fatty acid carbon formed from the fiber fraction of the forage supplied.
When a monensin-supplemented diet is provided to a mixed rumen microbial population, the molar percentage of propionic acid is increased, whereas the molar percentage of acetic acid is decreased (2, (7) (8) (9) 16) . The mechanism by which monensin causes the shift in the accumulation of these acids is unclear. Monensin feeding is often accompanied by reduced methane production (2; J. H. Thomton et al., J. Anim. Sci. 43:336, 1976 ). Carbon dioxide and hydrogen conversion to methane is unaffected by monensin, whereas the conversion of formic acid to methane may be reduced (16) . If the increased propionic acid accumulation is the result of reduced methane production, then monensin would not be expected to shift fatty acid ratios formed during fermentation when monensin is supplemented to cultures not producing methane. This hypothesis was tested in the present study by using mixed rumen microbes maintained in continuous culture for 17 days.
MATERIALS AND METHODS
A total of 12 fermentors (11) were filled to their effluent overflow capacity of 500 ml with cheeseclothstrained rumen digesta from a 512-kg rumen-fistulated steer. The steer had been fed 4 kg of a pelleted diet twice daily for 1 month before sampling. The diet contained 45% alfalfa hay, 45% timothy hay, 82% cottonseed meal, 1.0% trace mineral salt, and 1.0% feedgrade monocalcium phosphate (4 parts) plus dibasic calcium phosphate (6 parts (6) and tap water in a 60:40 ratio. Carbon dioxide was passed continuously through a gas diffusion tube in the buffer to keep air contamination to the cultures from the infused buffer to a minimum.
Individual daily culture effluents from the 17-day trial were composited into five consecutive 3-day fractions and a final 2-day effluent plus final-day fermentor digesta fraction. The collection of end products of fermentation was synchronized so that effluent and gas products were collected over the same time interval. The six composited samples from each culture were assayed for L-lactic acid with L-lactic dehydrogenase (10) and for volatile fatty acids (VFA) with a gas chromatograph which contained a flame ionization detector. For preparation of the sample for VFA analysis, 10 ml of sample was acidified with 0.1 ml of 50% (wt/vol) H2SO4 and centrifuged at 2°C and 3,000 x g for 5 min; then 2.0 ml of the supernatant was diluted with 0.8 ml of an internal standard that contained 2- ethyl-butyric acid (6 g/liter). A 1-gIl amount of the mixture was injected into a column (ID, 3 .175 mm) packed with 10% SP-1200 and 1% H3PO4 on Chromosorb W/AW (80/100 mesh) and maintained at 1220C.
Gas was collected in butyl rubber gas collection bags and analyzed for methane and carbon dioxide (14) ; helium was used as a carrier gas. Hydrogen was determined (14) in samples collected during the last 2 days; nitrogen was used as a carrier gas. Formic acid (5) was assayed in effluent composites from days 1 through 3 and 13 through 15. The effluents from days 4 through 17 plus fermentor contents of day 17 were composited, air dried, and mixed with a mortar and pestle, and 1 g or less was assayed in duplicate for neutral detergent fiber (NDF) (4) and acid detergent fiber (4). Another duplicate set of samples (1 g or less) was assayed for dry matter and ash (1). Diet components supplied to the cultures were also determined by the above assay procedures. Dry matter was determined after samples were dried at 1000C overnight.
On the basis of VFA comparison of individual acids from the six effluent fractions collected, a steady state apparently was established within 6 days after monensin treatment. For that reason, except for organic matter, dry matter, NDF, acid detergent fiber, formic acid, and hydrogen, only samples collected during the last 8 days of the trial (days 10 through 17) were compared by least-squares analysis (15) for differences due to monensin treatment or method of methane control (none, DCA, or pH 5.1). Where differences were observed (P < 0.05), a Duncan multiple range test (3) was used to compare means for differences due to monensin, type of methane control, or the interaction between the two.
In addition, the four cultures not given any methane inhibitor during the trial were compared before and after monensin treatment. Before monensin treatment, none of the 16 variables being compared between the two pairs of fermentors differed significantly (P > 0.10), but after monensin treatment, 6 of 16 variables differed (P < 0.05). These results are taken as evidence that statistical differences between fermentor end products reflect actual treatment effects.
RESULTS
When monensin was included in cultures (Table 1), less hydrogen, methane, and formic acid accumulated, the ratio of acetic to propionic acid was reduced, and total VFA was not significantly changed (P < 0.05).
The molar percentages of acids, except for isovaleric acid ( DCA caused acetic acid to be reduced and isovaleric and propionic acid molar percentages to be increased, whereas low-pH treatment increased molar percentages of valeric acid. The cultures not given a methane inhibitor had the greatest molar percentages of acetic acid and the shortest average chain length for VFA formed during fermentation. In addition, except for total VFA carbon and valeric acid, monensin influenced the amounts of the individual acids produced. It decreased acetic, isobutyric, and butyric acids and total end-product carbon production, but increased propionic, lactic, and valeric acid production.
Fiber digested (Table 3) was not influenced by monensin versus no monensin treatment, but monensin increased lignocellulose (acid detergent fiber) and cell walls (NDF) digested by cultures treated with DCA. The proportion of total end-product carbon derived from cell walls and the amount of organic matter digested were greatly reduced in the low-pH cultures (pH 5.1 to 5.2) compared with cultures maintained at a pH of 6 in cultures not involved in methanogenesis, the ratio of acetic to propionic acid is decreased. As expected, hydrogen accumulated in the absence of methanogenesis. Also, less hydrogen and formic acid accumulated in methane-inhibited cultures that received monensin than in those that did not. From the standpoint of producing end products that the animals can use, the reduction in hydrogen accumulation as the result of feeding monensin would be helpful if the electrons going to hydrogen were shifted to a product such as fatty acids. In contrast to its effect to increase propionic acid production, monensin caused acetic acid production to be reduced in cultures actively producing methane. Others (8) have shown in vivo that monensin effected an increase in propionic acid production. In the present trial, more acetic acid was produced in control, monensintreated cultures than in cultures receiving DCA or low-pH buffers. We are not sure of the reason for a lack of an effect by monensin upon acetate production in the cultures treated with DCA and low-pH buffer, but, presumably, acetate production was already reduced by DCA and low pH to the point that monensin supplementation had little further effect. When end-product shifts of total fermentation are being compared, the total acids produced as well as the fatty acid molar ratio changes should be considered. For example, in DCA-treated cultures, if fermentation is expressed as production of acetic acid, monensin was without influence; however, if fermentation is expressed as percentage of the total acid, acetic acid was reduced from 50.3 to 45.5% (P < 0.05). The latter result initially might be taken mistakenly to mean that monensin reduced the acetic acid production. cattle fed high-roughage diets. Such results are consistent with results in the present trial in which less hydrogen but greater total VFA carbon resulted from the cultures treated with monensin plus DCA than from the DCA-treated cultures. The cultures supplied with the combined materials in the present trial also tended to have a greater percentage of NDF digested (Table 3) than did cultures supplied with DCA alone.
The amount of NDF digested was markedly less, as expected, in the pH 5.1 cultures than in the cultures of the other two treatment groups ( Table 3 ). The osmality of buffers infused into low-pH cultures was 0.072 M greater due to the HCI added than was the osmality of buffers infused into the other cultures. In a previous trial (12) where buffer osmality was kept constant but the pH of the culture was reduced from 6.7 to 5.0, VFA carbon production was reduced by 44%, and methane production was reduced by 86%. In the present trial, VFA carbon and methane were reduced by 61 and 96%, respectively, in cultures at pH 5.13 compared with control cultures at pH 6.07. Thus, in the present trial, the major effect of the lower-pH buffers in reducing fermentation is considered to be a pH effect rather than an osmotic pressure effect.
Monensin apparently does not adversely affect digestion of cellulose by rumen microbes that predominate in animals (2) accustomed to monensin feeding. Monensin does, however, inhibit the growth of some pure cultures of Ruminococcus flavefaciens (L. L. Slyter and D. L. Kern, Abstr. Am. Soc. Anim. Sci. Northeast Sect., p. 11, 1978 ) and digestion of cellulose by ruminant digesta that is unadapted to monensin (M. E. Simpson, Abstr. Am. Soc. Anim. Sci., p. 439, 1978). Perhaps some bacteria that are exposed to monensin and that initially fail to grow subsequently are overgrown by monensin-resistant bacteria. In this regard, the gram-negative, very active cellulolytic bacterium Bacteroides succinogenes grew well upon extended incubation in monensin-supplemented media, whereas butyrivibrio and cellulolytic ruminococci did not (M. Chen and M. J. Wolin, Abstr. Annu. Meet. Am. Soc. Microbiol. 1978, I43, p. 88).
Further work is required to determine whether the predominant bacterial species shift is a result of monensin feeding.
In the present trial, only 25 to 30% of the ash from buffer was recovered as ash from effluent collected. Calculations for organic matter digested were corrected for this buffer loss. The actual organic matter digested should be higher than the organic matter values shown in Table  3 because the calculated values did not correct for bacterial organic matter, which was not measured.
The percentage of the fermentation end-product carbon that was derived from cell walls 
